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ABSTRACT

This article deals with some of the problems that Apollo
project managers face in the everyday operation and implemen-
tation of the manned space effort. The emphasis is on the fo-
cal position of the project manager rather than on an overall
systems concept of project management. Five areas of anomalies
and anbiguities in terms of problem resolution and management
strategies are discussed: (1) maintaining the balance between
technical and managerial emphasis; (2) risk acceptance/rejec-
tion; (3) surviving environmental restraints; (4) the signifi-
cance of project communication; and (5) penetrating organiza-
tional boundaries. Discussion of these areas glves some pre-
liminary insights into the management styles of the effective
project managers and opens significant areas for future re-

search on the management of large<scale, complex undertakings

such as Apollo,




INTRODUCTION

Since 1ts inception, the Apollo Program has generated a charig-
matic quality beyond that of any other governmental program. How-
ever, relatively little atteatlon has been glven to the actual mane
agement of Apollo beyond a brief overvicy of its primary activities.
The objective of this article is to exanine the management of Apollo
from the focal position of the Apollo project managers who are re-
sponsible for managing the critical hardware components for the Sat-
urn/Apollo rocket. The underlying assumption is that these managers
play a crucial role in the Apollo effort and their collective perfor-
mance is an important determinant of the efficiency, quality, and
ultimately, the success of the Apollo missions., Their responsibil-
ities for coordinating, mobilizing, and allocating diverse resource
requirements, both in terms of manpower and materials, places these
individuals in unique management positions. Thelr roles often de-
mand the balancing of conflicting situations which produce a con-
glomerate of anomalies and ambiguities which must be resolved to meet
Project objectives. This article addresses some of the anomalies and
ambiguities and how the Apollo project managers adapt to them.1

Through the efforts of a multidisciplinary research team and

with the cooperation of the National Aeronautics and Space Adminise

tration (NASA) the authors interviewed numerous project managers,




subsystem managers, and research and development project engineers
participating in the Apollo program.2 The analysis of field inter-
view data has revealed saveral response patterns which geem indica-
tive of some of the key managerial problems that the Apolloe project
managers face. 1In the attempt to view the management of Apollo
from the perspective of the individual Project manager rather than
from an overall systems concept of organization, this article fo-
Cuses on those problem areas that demand interpretation by each
project manager accordlng to the cues ir his environment.3 Five
areas will be examined in the following sections: (1) the balance
between technical and managerial emphasis; (2) risk acceéptance/re-
jection; (3) surviving environmental restraints; (4) the signifi-
cance of project communication; (5) penetrating organizational
boundaries,

For a clearer perception of the significance of these five areas
in terms of the Projéct manager's ‘focal positions, the relatior-
ships between the Project managers and the research and development
Project engineers and the project counterparts within contracting
organizations should be briefly delineated. This triad of interré-
lationships is a significant characteristic of the Apollo model of -
project management as most clearly evidenced by operations at the
Marshall Space Flight Center (MSFC) field center location in Huntse
ville, Alabama. (See Figure 1)4.

Within MSFC, Primary responsibilities for the Apollo Program are

handled by two segments of the total organization, Program Management
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(PM) and Research and Development. (R&D), FEach segment of the organization
has a specific rwple to perform, The project managers within PM are
collectively accountable for all project taska assigned to MSFC and are
reaponaible for meeting task objectives within designated coat, Achedule,
and performance parameters. The research and development projoct engilneers
within R&D are accountable for providing maximum technical support to the
Project managers., In additlon to the Interfaces between PM and R&D, constant
interface must be maintained with contractor organizations outside of the
NASA.

In a real sense, this triad functions as the total project team, In

the following discugsions, the basic nature of these interrelationships

should be Kept in mind,

THE BALANCE BETWEEN TECHNICAL AND MANAGERIAL EMPHASIS

In the management of Apollo, the project manager must maintain a
consiétent balance between ﬁis technical and managerial activities, When
the project manager 1is directly confronted with a problem which may disrupt
task performance within the designated objectives of the project, both a
technical decision and a managerial decision are usually needed for
ultimate resolution. For example, if research and development personnel
inform the project manager that a critical component of the Saturn V
Rocket has only an "x" reliability factor, the project manager must weigh
the technical decision of whether or not to accept the recommended reliability

quotient against the overall management considerations of budget and schedule,
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A potential problem for the project manager lies in the possibillity of
over-streasing either the technical or the management aspects of the

problem, The raselution of this problem appears to be in the project manager's
understanding of his teechnical function and how to maintain the technical
balance, While the management conaiderations, as cvidenced by the MSFc/ f
Apollo medel, are clearly the responsibility of the project manager, a
certaln latitude 18 open in terms of his delving into detailed technical
problems, He may efther become deeply involvad in the englncering problams

or he may leave the dectails to other experts and maintain a more distant

position,

Through analysis of interview data, the most successful strategy appears
to be to display an understanding of and acute interest in the technical
aspects of the problem while leaving its more detailed resolution to other

dpecialists on the project team. Two statements by project team members

emphasize this point,

I. I've had experiences where I felt that the project manager
was trying to exert too much influence in the technical
areas in an attempt to make thée decision himself.

‘II. All organizations suffer fruu having a man too interested
in understanding everything, If that's the project
manager's interest, I feel that he's misplaced., He can
do a job, but it shouldn't be in management., He should
be in a technical job,,.You sometimes can't reward a
technical man... you put him in a management box and he
makes things miserable. He's miserable and the people
under him are miserable,?

Again, the implication is that to maintain the technical balanc¢e, the
project manager should remain somewhat apart from the details. The 4

underlying recasoning for this position is that while a project manager
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draws on unique and diverse organizational rcaources in terms of expect.
manpawar, there should remain some protection of cach team memher's profeag~
lonal prerogatives, 1In the casc of research and development inputa, their
guarded {nterests lie in the techniecal areass. Lf the project manager
over-atreases his teehnical function, this has the effect of usurping
reaecarch and developnent commitments and creating teehnieal fLabalance,
While it is generally desivable for the project manager to leave most

of the technical detall to other team members, there are, at least, two
mltlgating conditlons: (1) the percelved technical competence of the
project manager; and (2) his ability to effectively use his project team,
One might hypothesize that a Project manager has a certain amount of posit=
ional charisma and that the degree of that charisma 1s, in part, a function
of the type of énglneering background he has, Although no unanimity of
opinion was expressed by the Apollo projcct managers and by research
and development engineers, several project participants believed that rescarch
and development experience is almost a prerequisite for an effective project
manager, "Getting one's hands dirty," for example, in enginecering is per=
ceived as an important preparation for the project manager position not
only in terms of technical 2Xperience but as a means of establishing
necessary alliances with .ndividusis in the research and development areas.
One research and development engineer commented on the above point as follows:

I guess one of my gripes about some project managers is

that they haven't really come up through the ranks., 1In

other words, if you look at thefir background, and there

are exceptions, they have come from unrelated fields and

most of them have really never served in the bowels of
the organization, down in engineering...




An Important decerminant in maintaining the technical halance, therafore,
may he the project manager's earned respeet and technical competence as
perealved by project participants in the research and development aveas,

The degree of that perceived oxportise may be important in datermining how ‘
the project manager copas with tochniecal probloms; “he man who has came up
through the vanks may be in a hetter poaltion to resolve tochnleal problema
than the man from an unrelated field or coming from a pooltlon outside

of tho NASA,

As suggestod, the project manager draws upen diverac organlzational
resources. In maincaining the balance between technlcal and nanagerial
cmphasis, the project manager's use of his projoet team is ericieal. The
effective use of the project team was described by oné project manager
in the following context:

A good project manager has to surround himself with
cxperts., He doesn't need to be wn expert engineer,
an expert in finance, am expert in contracting, etc.
He does, however, nced a working knowledge of these
things. For example, when an engilneer starts talking
to him about longitudimal oscillations, he has to know
what the man is talking about., The prime thing that
a project manager needs is the ability to listen and
comprehend what his people are telling him.,.
A fundamental quality of the Apollo project manager is the ability to
assimulate knowledge from several sources, evaluate the recommendat ione ,

and make decisions based on this wide range of information. As another

project manager stated: '",..to me, this is what makes a real project 1

manager ,"




RISK ACCEPTANCE/REJECTION

There are two categories of rlek that seem eapeclally relevant ta
project managera: (1) projeet risk; and (2) professional risk, Project
rialk Involves the fallure to do an adequate management: job which results
In preject fallure ecither in terms of performance or in terma of eritical
budgaet or schedule deviations., Profcssional risk centers around the
poaalbllity of professional obsolescence as the pesult ofllong-term
project affillation,

Projeet risk may be identifted with the projcet manager's final
responsibility for meeting and maintaining the performance, sthedule, and
budgetary objectives 6f the project, His success and the recognition
of his ability as a manager, in part, depends upon his achievements in

these areas. In effect, the project manager is the focal persom in a

constantly exposed responsibil'ty system. Complicating these responsibili-
ties are the necessary interfaces with other project managers and their
hardware systems, For example, in the Apollo Program, the project managers
in charge of launch vehicles and engines must maintain a constant interface
with each other, In this seuse, the project manager not only has responsi-
bility for his own project, but shares the responsibility for other project
manager's hardware.
In terms of project risk, two rather different perceptions were found

to exist among the Apollo project managers., The disparity in conceptual=

izing project risk muy be illudtrated by the following two quotations.




“Ga

I. If my hardwace dida't work and it failed in lift-off,
it would be a ¢atastrophic oceurrenca, T would cont=-
pletely expect to be replaced. Put it that-way,

Il... If-you don't want to accept the responsibility you
don't have to, you just buck it up to the next

manager and if he doesn't want to make the decislon,
he can go to the program manager ,

In the first instance, the project manager perceives his responsibility

as—{final and complete with the risk of project failure resting entirely

on his shoulders., In the second case, the project manager 1s left with

an option of whether.or not to accept complete responsibilicy in critical
dreas. The first case is relatively unambiguous, however, the second
leaves assumption of Project risk up to the individual.manager. Further
research may provide a workable hypotheses fon_understanding under-what
conditions..and what behavioral Variables determine.the amount a risk a

particular project manager is willing to assume. _Thé purpose here is tn

point out that Project managers perceive risk differeatly,

‘Apart from project risk, the project manager is confronted with

professional risk in terms of obsolescence, In effect, advancement of the

state of_the art may bypass the Project manager who is unable to keep up
with-the rapidly changing practices in his engineering field. This is
especially relevant in a program like Apollo where some of the major

hardware projects have a life eycle of eight to ten years. One pro ject

managet who had.been in his position-a number of years stated the implicg~

tions of professional risk in the following manner: "I'm an-obsolete

engineer, I'm an untrained manager, and I'm too old_to g0 back to school,"




SURVIVING ENVIRCNMINTAL RES''RAINTS

While the concept of project managemenc 1s often dofined In tarms of

1ts flexlbility, che antithesis of the traditional bureaucratic model of

Organization, many Apollo team members_have Indicated that certain enviirons.

mental parameters develop over time which elther diminish the effectivencss

of or place additional constraints on the programmatic organization, It

was suggested that the Project organization ig ROt-.immune to-Parkinson's

Law., As the project matures over its life cycle, various systems and

constraining mechanisms becone attached to the organization which produce

rigidities within_the total project system, For example, over the life

of Apollo, various "staff offices" at the field center levels.and at Head-

ystems, audits, and various types
of. control requests._Qne project manager explained that, oéver time, a

project loses its flexibility,

First you start out with & small organization and
call it the NASA. As you expand that organization
you have more and more staff people at Headquarters
and you have_more people thinking up reasons why
there's a need for g Teport. So, pretty soon you

get hit with directives, some from Headquarters, some
from every level, Many of these directives require
reporting; we've got a lot of people who think it
would be real nice to have this report or that report,

The project members must cope with increasing amounts of papetrwork while

maintaining peak efficiency in all areas of original résponsibility,

They must survive the new systems,




While documeniing the systom may have obvious negative connotatlons,

Apollo participants have also oxpressed its positive aspacts in terms of

sell protoction, 1In g program like Apollo extensive documencation, whilee

somewhat laborous, has the effect of clearly ftating cach particlpant's

position with regard to controversial performance areas. If future

anOmaliea-develop, the manager wmay rely on extensive documentation ag a

means of self protection._This—can be conceptualized as one--eof-the—informal

roles of the documentation procedure, Onc project member, for example,

indicated that after the SA-204 fire the amount of. .documentations increased

throughout the entire Apolio effort,

Aside from documenting the system, another wvariable that may be

a restraint on the project manager is the Civil Service regulations and

requirements, These regulations, becauss of their rigidities, become a

problem for the Project manager in selecting, training, and molding a

viable project team. For example, « project manager may not be able to

chodse his own men for his project staff no-matter-how qualified or how

necessary they might be in terms of a particular task requirement, The

man must first be "freed" from his present organizational positiofi, One

Preject manager alluded to the problem in this way:

Nobody gets assigned to a job around here. You
have to get permission from the people you work

for. If a promotion is involved, it makes it
extremely difficult for them not to allow the man

to go, I guess, by law they really couldn't refuse

to release him if a promotion was involved, But

if it's just a lateral transfer, and.say I really

need a good strong project engineer, even if the

ceénter 1s In trouble and a man is around who isn't doing
very much, if the person who is supervising his

arca feels strong about him and won't let him go,

then you almost can't get him no matter how badly

you need him,..and that's kind of bad,
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The prablem of assigniag manpower to bulld the mos t-effective project

team—also appours in the Feverse situatlon, If a team memberls parformance

ls below an acceptable level, the Froject manager may also have problems

in "spinningeoff personncl, Oac rojecs manager concerned about the

efiectiveness of Some mambers of his team made this comment,

I've got three people I could do completely without,
But, 1f I asked for their release f{rom this pro Ject,
I would most:likely have to &lve up my three best men,
80, I Just sit here and don't say anything,

The examples here only briefly touch the problems the Apollo project.

manager faces in surviving the system, If the Project manager is evaluated

in-terms of how_he meets his task responsibilities, any mechanism constrain-

ing optimummefficiency_and flexibility is, in a real sense, a threat to

the manager*s capability of surviviag the total pProject system,

THE_SIGNIFICANCE OF PROJECT COMMUNICATIONS

As Previously sugg:sted, the projiect team consists of diverse profess=

ional inputs, The basic notivations of various team Participants in their

diverse organizational roles often cause difficulties for the project

manager in his effort to reconcile various tagk problems, The general

pattern for & project team in-Apollo consists of a triad of organizational

interfaces which includes the project manager and hisg sub~system managers,

the résearch and deve lopment engineer and his supporting personnel, and the

contractor's project personnel, Although all three groups comprise the

Project team, conflicts may arise among tecam participants both from a function-

al perspective and from the Viewpoint of personal motivation, To 80 back

to an earlier exaniple, 1if the Project manager and the contractor accept

a reliability index of 'x" on a critical component of the Saturn V and the
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rescarch and devolopuont nrojeet Ceam mewdars Insist on a vellabllity of
"I, a conflict of interests may develop, The projeet manager-may want to
poersuade rosearch and davelopment to relax thely desired per formance level
whlle at the same tlme not coupromlse thelr professional pesftion too
greacly. This may requive some delilcate maneuvering by the project manager
to keep rasearch and development personncl motivated and to maintain their
high competence level, One project manager suggested that communication
was the eritical input in this type of situation,

You have to understand who you are dealing with, An

engincer. in the laboratory may feel that we should.

settle for nothing less than zero leakage on a certain

scal. He has a certain background, a certain psycuological

makeup that you have to undexstand, appreciatz, and not

violate. You can't tell a guy like that, go to hell you

don't understand-the problem, This guy can-be a Ph, D,.

and he can darn well know exactly what he's talking about.

So you've got to find within your- own means the mechan-

isms for communicating with that engineer.,.and then again

you've got to realize that he's—communicating with us,
One strategy employed by the project manager to deal with-conflicts either
with research and development or with the contractor is a preventive
Weasure; to communicate forcibly, but tactfully, his stance on various
issues such as.the budget and schedule status of the project, By_
constantly communicating this with team members the project manager, in
effect, places some stated parameters on the activities of the research
and development team members and the contractor,

The effectiveness of the project manager's strategies in terms of

minimizing and resolving conflicts among team personnel depends, to a
large extent, ou his influence over project participants, His influence

may, in turn, be a function of how he handles recommendations for

engineering changes made by either resecarch and development or the




concractor,

SOT MusC Waow when to accept and when to

reject change proposals ia order to maintain the motivational level of

project participants and £o achicve tuc overall cbjectives of the task
under conslderation, Constant rejection of change recommendations may
lower both the motivation of participants and diminish the project
manager's influence in coordinating participants toward project objective
within the designated project parameters. Conversely, the process of
accepting engineering change proposals or requeskts ou a piece of hardware
is equally important to the project manager. One manager . stated:

I think it takes—a person with a good technical

background and good management qualities. He

should be the type that can accept other people's

work without a wlole ilot of picking; he should be

the kind of person who.can accept things done a
little differently than he would do_them...

In this light, the project manager's influence over all_team members

appears critical to maintaining project direction and ¢ontrol.

PENETRATING ORGANIZATICNAL BOUNDARIES

Research and observatiom .leads one to believe that the personality
of the project manager is crucial for success in meeting the various
project objectives. There have been many examples of the importance
of personality in achieving effective project performance, While some
of these examples have already been alluded to in the prior discussion,
the following paragraphs illustrate some of the key areas where the project

manager's personality either helps or hinders him in task per formance.,
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Lae concest of project mansiomunt Lo saced on the premise that 1z
uctilizes diverse inpuis and Lebourees o they are needed from the total
organlzation of whica it s < pLst. Ia cifect, the Project organization
co-exists with the largzer institutional orgenization and shares resources
with ic. In the Apollo 2rogram, the Project manager does not have "direct
authority” or as sometimes called, "formal authority" over all of the
needed resources, aespecially technical manpower inputs provided by the
various résearch and-development laboxatories. To utilize these resources,
however, the Project manager must cross lines of authority by penetrating

various functional areas of the organization. As.previously suggested,

the Apollo project manager utilizes the—expertise in the Research & Devel=__

opaent—organization of his field center. Le does so by learning heow to
penetrate the particular organization whers he needs assistance. Although
the Apollo project manager has final respongivillity for the project, again,
he does not have direct authority over the laboratories. There is a for-
mal matzix of telationshiss defining the various primary interface points.
which represent the Primary coatacts in the labs.._However, over a period

of time, the RIQOject manager, in efiect, constructs his own “informal con-

tacts." He is able to do this by "learning" the organization and the par-

ticipants within.each part of the sub-organization who can help him. Part
of this success in establishing these informal contacts is dependent upon
his personality., This is not to say that personality is not important in
dealing with the formal contacts, but 1s even more crucial when the project
manazer seeks assistance in special problem areas. The following example

illustrates in part, the role of the informal contact
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Project managoes X crovnleread coveral anomalles

vlth lewkage around the conl. .7 4 hydwaulile

pump.  His fowazi coninces wichin the Laboratoriles

had failed to arvive at an adequate resolution for

the problem. The project nanager Learned via che

laboratories' grapevine that caginecr ¥ had previously

done extensive work on a similas problem in another

program., The caglnecr subsequently had been trans-

ferred to an admindscrative peeitlon Iin another

laboratory. The Projeet manager learning of thie,

established contact with the cuglneer and 1in time

the problem was successlully resolved.
Illustrating the differences between thc formal matrix contacts and
the informal "invisible matrix" contacts one might hypothesize that
matrices are efficieat for delineating people=to-people contacts, but
are somewhat ineffeccive in alijaingz the problem-to=problem-interfaces.

Beyond the establishuent of informal contacts, the Project mana=-

ger's personality plays o significuat role in accepting and rejecting
alternative ways of resolving problems associated with his task re-
sponsibilities. In thc 4pollo project organization, as mentioned
previously, there are three "sets" of inputs comprising the project
team - the Research and Developnent organization, the contractor's
organization, aud the pProject organization. When problems develop,
these three parties meet and attempt to wesolve the problem. Each
party may have widely differing objectives which makes problem resolu-
tion a delicate process for the participants., The Research and Develop=
ment team member-may be concerned wich diverse performance requirements

which he thinks should be met in order to provide an extra margin of

safety. To meet these specifications, it would require rather exten=
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glve vevislons da the Lhovavasc. Yo CUen LEROE Lees the problem din a
RhoRGRE BeaneT s e DELLEVLS Vhil v seconrel and Developmentc mond-
~era are being overly conceined wWioh who wrovinee of performance and
weadly don't see the wvealivics of the sicusblon (the contractor's
Aescarch and Development spoaclallsis have by this point, made exhaus-
tlve studlcs aud are coavimead che prevloin 1o not chat crltlical aad can
be worked by making some relatdvely wlnow wodiflications). The Project
mancger, wlthough respeeting both positions, views the total situation
dilffercatly., The project manager is cowaltted by his program superiors
to a vigld project completlo.. schedule. lo knows that it 1s impertant
for him and the project to meet that schedule.  Consequently, at such
& meeting, his objective is to evaluace Loth the Rescarch and Develop=
ment team member's.suggestions cad the Iadustrial contractor's suggescions
and rcach a decision. dopefuliy for the project manager, the decision
wlll be a smooth and efficioent ouc which will not tamper with the team's
conesive qualities. In cifeet, the project munager must bulance the
objectives of the project with the things chat motivate others connected
with the project. As one project monager stated, "I suppose that my job
might be one of solving the problem of golving the problem." Another
project manager made the following statement when discussing the personality
of the project manager in this context:

Let's say you're in a meeting with NASA representatives

and contractor represwentatives. On one side of the table

you have NASA specialists in contracts, R&D, dand finance.

On the other side of the table you have experts from the

contractor in coatracts, ReD, manufacturing dnd finance.

Out of this group of techuical cxperts in their own fields

you've got to coordinate them in such a constructive way

that by the end of the day - there's a product - there's
a decision.
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< the deedsion mukin PHulhdn, therelone, the pereonallty of tho
PROJSCE MABALCY PLAYS & Vieedl £0la.  Ho weot cisplay constralat and
flexlulilvy dn pecicet balinec Rhncush pereonal awareness of the cope
alleviing variables 1a the CAVLTOWLaE e T analysis of the five arvcas
alicussed In chils avilele (mancgerlal ond techaleal balance, vilsk,
survaviag the uvystom, cenavndencion, dad peastratlag the cystem) hopa=
fully glvaes some prelimdnavy Inslghis iato the nature of the project
wanugee's role 1n thc pProgerwinatle Gavirosaat. Ixteaslon of auy ene

od these areds may proviue a vicble framcwork for cxtenslve futurc re=

search In the munageient of project ovjunizations from the focal position

ol the project manager.
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The veseuceh for thig Glcdo

Lo was susporced by a NASA research

frack irall 33~022-090 co Syracuo. Ualveralcy to lavestlgate the "Role
“iowhe Frojece Munager,

*he prlmary duta couree for chis aetlele do fleld daterview data
eataceecd by cha Syracusa Undvewn Lby /HAGA tescareh Team. Interviews
Ve condueted at two NASA flold CURtOre, Cowwge €. ilnrshall Space
Filzhe Ceacer at Huntevill., Alubora, and duaaed Spacceraft Center at
setibion, Toxus,  Both 4Apollo PRO e Wenaers and Teseareh and aevel=
CUMGAt WLnagets and vaglucess woe tubvivaawed. ALl vespondents were
coaildeatiul,

)

“For wn overall Bydtens view oi projuat managenment see:  John 8,
cnldligustner, SLGIOEE ri s Gy Rechowd b. Irwin, Inc. (Homewood,
Lllinols), 1903} David 1. Cledaad wua Williom R. King, Systems
contdysils vow Prodfeet Hona nt, HeCraw=ILL Look Company (New York),
1900; and Jamesg 1. Webb, ERR ooty MeGraw=Hill Beok
Compuay (New York), 1969.

e

DL

A

“Whiie varlations of the MEVC model enist at other field center
locativus, the basie incerfaces among 2roject managers, research and
development Project engiacers, and contractor counterparts are main-
tained in some organizational form throughout NASAZApollo operations.
The ws¥C triud, however, is the mout clearly ddentifiable matrix,

All quotations in this article arve from fileld interview data and
will not be noted beyond this point. The name of the participant, his

field center location and his hardware responsibility are strictly con=-
fidential and cannot be cited,




